Concurrent Harlequin sign and Horner syndrome are extremely rare. We report a case in which both conditions occur as a complication of cervical spinal surgery and discuss the pathophysiology underlying this striking phenomenon.
Case Report

History and Examination
A 55-year-old female presented with right C-7 radiculopathy due to a large median and right paramedian disc hernia between the C-6 and C-7 vertebrae. No sensorimotor deficits or gait or genito-sphincter dysfunctions were reported. Medical conditions included morbid obesity (WHO Class 2, body mass index 37.8 kg/m 2 ), hypertension, hypercholesterolemia, and obstructive sleep apnea syndrome. She had never previously undergone any cervical operation. Neurological examination revealed no focal deficits and did not show any signs of cervical myelopathy. Because there was no pain relief despite long-term analgesia, we opted for surgical treatment. Harlequin sign concomitant with Horner syndrome after anterior cervical discectomy: a case of intrusion into the cervical sympathetic system
Operation
Using a left-sided anterior approach, we performed a C6-7 discectomy with cage fusion using the Scarlet system (Spineart). The approach along with relevant anatomical structures is presented in Fig. 1 . To improve stability, we performed an additional anterior interbody spondylodesis (C6-7) using the cervical spine locking plate (CSLP) from DePuy Synthes (Johnson & Johnson AG). At the end of surgery, a drain was inserted. The operation was performed with the patient under general anesthesia without any complications.
Postoperative Course
Immediately after surgery, the patient developed significant right-sided facial flushing with sweating. The redness was well demarcated at the midline and was associated with left-sided facial anhidrosis, miosis, and ptosis. No oculomotor, sensory, or motor facial abnormalities were noted. Sensory and motor examination of the trunk and limbs was also normal.
Cerebral and cervical CT angiography was urgently performed and ruled out any ischemic and hemorrhagic complications, hematoma, or a compressive process at the surgical site. The position of the implanted material was also correct, and the great cervical vessels showed good flow and permeability. The only relevant finding was the position of the drain, which was very close to the posterior wall of the left common carotid artery and the sympathetic trunk (Fig. 2) . Therefore, we suspected a probable irritating and/or compressive effect due to the drain, which was instantly removed.
Hemifacial flushing, sweating, and anhidrosis disappeared entirely after only a few hours, and the Horner syndrome resolved almost completely. Further recovery was uneventful, and the patient was discharged after 3 days. At the 10-month follow-up, the patient was pain free. The Horner syndrome had completely disappeared, and no recurrence of the hemifacial flushing had occurred even in the case of physical activity, heat exposure, and/or emotional stress.
Discussion
Harlequin syndrome refers to the appearance of flushing and sweating limited to one side of the face. It results from dysfunction of the sympathetic vasodilator and sudomotor fibers of the face on the ipsilateral side of the affected sympathetic pathways. The underlying pathophysiological mechanism involves compensatory thermoregulatory vasodilation with flushing of the contralateral, uninjured side. 9, 15 Because sudomotor neurons follow the same pathways as the vasodilator neurons, hemifacial anhidrosis occurs on the affected side with contralateral compensatory sweating. The phrase "Harlequin syndrome" refers to patients presenting with hemifacial flushing and sweating in the absence of other neurological symptoms, whereas "Harlequin sign" is used to describe flushing and sweating associated with other autonomic signs or syndromes, 15, 16 such as Horner syndrome in our case.
In a literature review of 108 cases of Harlequin syndrome, Guilloton et al. found 59 idiopathic cases (54.6%) and 49 cases with a secondary or iatrogenic origin (45.4%). 6 They listed 48 cases of pure Harlequin syndrome (44.4%) and 60 cases of Harlequin sign (55.6%) associated with other autonomic disorders such as Horner syndrome, Holmes-Adie syndrome (tonic pupils and tendon areflexia), and Ross syndrome (tonic pupils, tendon areflexia, and patchy hypohidrosis). In idiopathic cases, Harlequin syndrome is most commonly found in women and is typically triggered by emotions, exercise, heat, or spicy meals. It usually involves the face but can extend to the ipsilateral arm or trunk.
The phrase "secondary Harlequin syndrome" is used when Harlequin syndrome is caused by an underlying structural lesion. Causes reported in the literature include compression of the cervical sympathetic trunk by tumor, 12 Pancoast tumor with spinal invasion, 1 cervical lymphatic malformation, 5 vascular compression due to an elongated inferior thyroid artery 15 or dissection of the cervical carotid artery, 10 brachial plexopathies, 1 or medullar infarction. 7 As regards iatrogenic causes, Harlequin syndrome has been found after a range of anesthetic and surgical procedures, including internal jugular vein catheterization, 4 thoracic epidural analgesia, 2 resection of a cervical or mediastinal mass, 5, 13, 14 or thoracic sympathectomy. 1 Sympathetic innervation of the face and eyes comprises a 3-neuron chain and is represented in Fig. 3 . The first neurons originate within the hypothalamus (central) and synapse in the lateral horn of the spinal cord at the thoracic level (T1-3) with the second or preganglionic neurons. From here, the preganglionic fibers ascend the sympathetic cervical trunk passing through the inferior (stellate) and middle (intermediate) cervical ganglia to synapse in the superior cervical ganglion. The third or postganglionic neuron exits this ganglion rostrally to follow the internal carotid artery to supply the eye and innervate the medial forehead and the nose, whereas fibers exiting this ganglion caudally pass along the external carotid artery to supply the rest of the face. 5 Most of the preganglionic vasomotor and sudomotor fibers dedicated to the face emerge at the level of T-2 and T-3, whereas most preganglionic oculosympathetic neurons originate at T-1. fibers innervating the upper extremity originate from T-4 and below. They synapse at the stellate ganglion, located more caudally, at the level of C-7. Given these anatomical considerations, the location of the lesion along the sympathetic pathways can be determined according to the patient's presenting symptoms. In our case, concurrent Harlequin sign and Horner syndrome without involvement of the upper extremity and the trunk locates the lesion between the stellate ganglion and the superior cervical ganglion, which is consistent with the level of our surgical approach. Other lesion sites with the corresponding pattern of symptoms are shown in Fig. 3 .
The occurrence of Harlequin sign and Horner syndrome together is extremely rare. Similar cases with the iatrogenic occurrence of both syndromes after surgery have been described after total thyroidectomy with neck dissection 8 and following the removal of a large cervical lymphatic malformation in a child. 5 In our case, the identified cause of sympathetic disruption was probably a too laterally situated dissection, which allowed the drain to be positioned against the sympathetic trunk and press on it while following the path of least resistance. The sympathetic cervical trunk lies in the prevertebral layer of the deep cervical fascia in front of the longus colli muscles, along the posteromedial aspect of the carotid sheath (Fig.  1) . To avoid this complication, it is important to approach the spine not too laterally and to perform a meticulous subperiosteal lateral retraction of the longus colli muscles.
In most cases, Harlequin syndrome has a benign natural course and no active treatment is needed. In the iatrogenic cases described, the symptoms appeared temporarily and mostly resolved within a few hours. 16 If no organic cause is identified, the patients have to be reassured and informed about the harmless character of this condition. Considering that Harlequin syndrome is secondary to a structural lesion (for example, tumor or arteries compressing the cervical sympathetic pathways), the lesion should be resected if feasible. 1, 12, 15 Contralateral sympathectomy is a suggested treatment for people who experience severe social embarrassment due to their unilateral facial flushing. 15 Despite its most often benign and reversible nature, this phenomenon can be quite impressive for both patient and surgeon. Therefore, knowledge of Harlequin syndrome alone or combined with Horner syndrome should be of particular interest for every specialist involved in cervical and thoracic surgery.
